especial concern is long-term occupational exposure to anesthetic gases in hospital workers. The results of studies of Occupational exposure to anesthetic gases is associated chromosome damage in operating room personnel were contrawith various adverse health effects. Genetic material has dictory. Bigatti et al. (1985) , Lamberti et al. (1989) , Natarajan been shown to be a sensitive target of numerous harmful and Santhiya (1990) , Karelova et al. (1992) , Bonassi et al. agents . The aim of this study was to examine whether (1997a) and Rozgaj et al. (1999) reported an increased frechromosomal damage could serve to indicate exposure to quency of chromosome aberrations (CA). Chang et al. (1996) anesthetics. A group of 43 hospital workers of three reported an increase in micronucleus (MN) formation, while professions (anesthesiologists, technicians and operating findings on sister chromatid exchange (SCE) were inconsistent. room nurses) and 26 control subjects were examined for Husum and Wulf (1980) and Bigatti et al. (1985) reported chromosome aberrations, sister chromatid exchanges and negative results, while Natarajan and Santhiya (1990) and micronucleus frequency. The exposed groups matched in Karelova et al. (1992) reported increased SCE frequency in duration of exposure to anesthetics, but not in age. An exposed subjects. equal ratio between women and men was possible in all Nitrous oxide (N 2 O), alone or in combination with other groups except nurses. Likewise, the ratio between smokers agents such as isoflurane, halothane or enflurane, has become and non-smokers was also not comparable. An increase in the most common inhalation anesthetic in current anesthesiochromosome damage was found in all exposed groups. logical practice. The US National Institute of Occupational While the increase in sister chromatid exchange frequency Safety and Health (NIOSH) has recommended time weighted was not significant, chromosome aberrations and microaverage concentrations of 50 p.p.m. when N 2 O is the sole nucleus frequency increased significantly, showing higher anesthetic agent and 25 p.p.m. when it is used in conjunction rates in women. The results suggest that the micronucleus with halogenated agents such as halothane (NIOSH, 1977) . test is the most sensitive indicator of changes caused by Even though artificial ventilation and active scavenging sysanesthetic gases. The observed difference between sexes tems are employed in modern hospitals, medical personnel in with respect to exposure risk call for further, targeted operating rooms are still exposed to excessive N 2 O during investigations.
various operations, particularly in pediatric anesthesia (Chang et al., 1997) . In order to estimate the genotoxic risk of occupational Introduction exposure to anesthetic gases as well as to determine the most appropriate test in evaluating that risk, a group of operating Occupational exposure to volatile anesthetic agents may result room medical workers of different professions were examined in various adverse health effects. Although eliminated rapidly by conventional cytogenetic methods: CA analysis, SCE from the body due to low solubility in blood and tissues, analysis and the MN test. anesthetic gases have been reported to be neurotoxic (Lucchini et al., 1996) , hepatotoxic (Franco et al., 1991) and carcinogenic (Corbett et al., 1973) . Effects on fertility, an increased incidence Materials and methods of spontaneous abortion and congenital abnormalities have
Study population
been described (Tannenbaum and Goldberg, 1985; Guirguis The study involved 69 subjects divided into four groups: controls (26 subjects), et al., 1990; Rowland et al., 1995) . Cytogenetic methods, such anesthesiologists (23 subjects), technicians (8 subjects) and operating room nurses (12 subjects). The exposed subjects were employees in surgical as chromosome aberration, sister chromatid exchange and departments of three hospitals. The control subjects were selected from nonmicronucleus determination, have been successfully used in exposed workers in the same hospitals among clerks and newly hired the identification of exposed populations. Numerous studies employees screened for CA during pre-employment medical tests. All subjects on exposure to anesthetics have reported genotoxic effects in were asked to fill in a questionnaire which included demographic data and humans. Reitz et al. (1993 Reitz et al. ( , 1994 reported the occurrence of data on smoking, use of alcohol, therapeutic drugs, recent vaccination and exposure to radiation therapy. To avoid an influence of ionizing radiation on DNA single-strand breaks in patients and medical personnel the results of analyses, we selected staff not exposed to X-rays. According to exposed to anesthetic gases. Sardas et al. (1998a,b) used the the answers, all staff worked in operating rooms without ventilation. The most alkaline Comet assay on peripheral blood lymphocytes to commonly used anesthetics were N 2 O and halothane. assess DNA damage due to anesthetics and found a significant
Cytogenetic methods
increase in the number of lymphocytes with DNA migration Heparinized blood samples were taken and cultures were initiated within 3 h in medical staff exposed to various anesthetic gases, as well after collection. One milliliter of whole blood was added to 8 ml of F-10 as in patients anesthetized with isoflurane. In vitro experiments medium (Gibco) supplemented with 20% calf serum (Biological Industries), antibiotics (100 IU penicillin and 100 µg/ml streptomycin) and 1% phytohemcorroborated those results (Jaloszynski et al., 1999) . Poisson regression of SCEs (Table IV) by profession, age, per subject for CA, 50 second metaphases per subject for SCE and 1000
sex, smoking and years of exposure showed no significant binucleated cells per subject for MN.
association of SCEs with any of the estimated parameters.
Statistics Table V shows Poisson regression analysis of the occurrence
We used Poisson regression to analyze the association between the frequency of MN. As the differences between sexes were significant with of CA, SCE and MN as dependent variables and the groups of exposed respect to the occurrence of cells with one or two micronuclei, subjects (anesthesiologists, technicians and nurses), age, sex, smoking status and years of exposure as covariates (Bonassi et al., 1997b showed a significantly higher RR for MN, depending on exposure to anesthetics. Female anesthesiologists had an almost Results twice as high RR for the incidence of cells with one MN and Table I shows the distribution of subjects with respect to sex, a 7.6 times higher RR for the incidence of cells with two MN age, smoking and years of exposure. The exposed groups were than the control group. The increase in cells with three MN matched in duration of exposure to anesthetics, but not in age.
was found to be statistically significant in anesthesiologists. The The age difference reflects longer training requirements for RR for occurrence of cells with three MN in anesthesiologists of anesthetists than for nurses and technicians. Similarly, young both sexes was nearly 27 times higher than in the control group. subjects who were screened during their pre-employment medical tests predominated in the control group. We tried to Discussion obtain an equal ratio between women and men in all groups, but this was not possible with nurses. Likewise, the ratio The results of studies of possible genotoxic effects of anesthetics on occupationally exposed subjects are not always between smokers and non-smokers was also not comparable. Table II shows the frequencies of CA (single breaks, double comparable. In addition to anesthetics, medical professionals in operating rooms are exposed to potentially harmful chembreaks, acentric fragments and dicentric chromosomes) and SCE and the frequency and distribution of MN by profession.
icals as well as to X-rays. It is often difficult to distinguish which of these agents caused damage to the genetic material. All types of CA increased in the exposed groups with respect to controls. Chromatid breaks increased only in nurses. SCE According to answers in the questionnaire, we selected only those subjects who did not work with any kind of radiation. frequencies increased slightly in the exposed groups. The frequency of micronucleated cells showed the greatest differ-
The increased frequency of aberrations in the exposed subjects in this study confirmed our previous results (Rozgaj et al. , ence between the exposed groups and controls both in cells with one micronucleus and in those with more micronuclei. 1999) and the results of other authors (Bigatti et al. 1985; Karelova et al., 1992; Bonassi et al., 1997a,b) . Tables III-V show the results of Poisson regression and include estimated parameters and their standard errors (SE), SCE frequencies were only slightly higher in the exposed groups than in controls (6.89 in doctors, 6.96 in technicians relative risks (RR), corresponding 95% confidence intervals (CI) and the P value. and 6.52 in nurses versus 5.14 in controls) and we did not find that any of the parameters significantly influenced SCE Table III Relative risks for the exposed groups are estimated relative to the control group. Bold indicates statistically significant values at P Ͻ 0.05 level.
while Sardas et al. (1992) and Karelova et al. (1992) reported N 2 O. Robbiano et al. (1998) tested six halogenated anesthetics for their ability to induce MN formation in rat kidney. All a significant increase in SCE frequency in medical workers exposed to volatile anesthetics. Natarajan and Santhiya (1990) except enflurane significantly increased the MN frequency, while halothane and trichloroethylene also reduced binucleated found an increase in SCEs in medical pesonnel exposed to anesthetics, although it was not significant. cells, presumably due to toxicity. Sex proved to be one of the factors influencing MN MN were the most appropriate biomarker of anesthetic genotoxicity to humans. The number of cells containing one frequencies in human lymphocytes (Bolognesi et al., 1997) . A difference in MN frequency between sexes in our study was or more MN increased in all exposed groups, which was in agreement with other authors. Chang et al. (1996) reported also evident, with higher values in exposed women. Fenech et al. (1994) reported a significantly higher spontaneous MN increased MN formation in nurses occupationally exposed to Relative risks for the exposed groups are estimated relative to the control group. Bold indicates statistically significant values at P Ͻ 0.05 level.
frequency in women and suggested as a possible cause loss in nurses could indicate a higher sensitivity to anesthetics in women. It is well known that MN arise from chromosome of X chromosomes, which then contributed to MN yield in women. Bonassi et al. (1995) confirmed the increase in MN breakage or chromosome loss. To increase the sensitivity of the test, e.g. to distinguish clastogenic from aneugenic effects, rate in women and no difference between sexes in SCE or CA frequency. In contrast, in a study of healthy donors Di Giorgio a combination of the MN assay with fluorescence in situ hybridization should be used (Kirschvolders et al., 1997; did not find any influence of sex on MN level.
Age-and smoking-related effects on MN occurrence were Elhajouji et al., 1998) . Recent findings suggest that in addition to the influence of found in men, but not in women, in our study. On the other hand, the effect of exposure to anesthetics was significant in age and sex, dietary factors affect chromosome aberrations and MN frequency. Exposure to N 2 O increases the plasma women and not in men. Significantly higher RR values for MN in women and significantly increased RR values for CAs levels of folate and homocysteine and decreases plasma levels
